The thermal decomposition of acetaldehyde has been extensively studied in shock tubes, flow reactors, and flames over the last 75 years. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The weakest bond in acetaldehyde 13 is the CH 3 -CHO linkage. It is commonly accepted that the major thermal decomposition channel is formation of radicals via cleavage of the C-C bond:
CH 3 CHO + ∆ → CH 3 + HCO
The formyl radical (HCO) is only weakly bound 13 and will not survive for long at temperatures over 1300 K. The dynamics of the thermal cracking of CH 3 CHO are generally modeled as a sequence of radical reactions. 14, 15 Recently, it has been reported that acetaldehyde could thermally decompose by a roaming process. 12 Roaming mechanisms [16] [17] [18] are characterized by formation of a dynamically-bound complex of radicals that subsequently disproportionates. The products are not radicals but closed shell species; in this case, methane and carbon monoxide: CH 3 CHO + ∆ → [CH 3 •,
•HCO] → CH 3 -H + CO.
We have studied the thermal cracking of CH 3 CHO in a heated microtubular (µtubular) reactor, 19, 20 a 1 mm i.d. x 2 cm long SiC tube that can be heated to temperatures up to 1700 K. A dilute sample of acetaldehyde is mixed with an inert carrier gas and passed through the heated SiC tube. Gases exiting the µtubular reactor emerge in an under-expanded jet at roughly 10 -5 Torr. The translational, vibrational, and rotational temperatures drop rapidly within a few diameters and all chemistry ceases.
The products are identified by their photoionization (PIMS) mass spectra as well as their matrix infrared absorption spectra. The PIMS experiment uses a reflectron time-offlight mass spectrometer to analyze the ions resulting from photoionization by 118.2 nm (10.487 eV) photons. 19 In separate experiments, we send a gas mixture of CH 3 CHO in Ar carrier gas through the µtubular reactor and the resultant molecular beam impinges on a CsI window cooled to 20 K. The matrix frozen onto the CsI window is subsequently analyzed by IR absorption spectroscopy. 21 Additional experiments were carried out at the chemical dynamics beamline (9.0.2) at the LBNL Advanced Light Source (ALS), 22, 23 where PIMS spectra can be obtained as a function of photon energy, which also allows for the recording of photoionization efficiency (PIE) profiles.
The dynamics of pyrolysis and transport through the SiC µtubular reactor is poorly characterized. Preliminary computational fluid dynamics 24 simulations estimate that the gas pressure in the µtubular reactor is about 10% of the stagnation pressure.
Within the reactor, there is a range of temperatures within the gas as it is heated by the walls. As a result, not all molecules see the same temperature time history. In reactor language there is a residence time distribution. However, as the gas approaches the tube exit, it is fairly uniformly heated such that the centerline temperature is within 100 -200 K of the wall temperature. From simulations 24 of the gas velocity, we estimate the residence time within the heated SiC tube to be roughly 50 -100 µsec.
When acetaldehyde and its isotopologues are thermally decomposed in the µtubular reactor, the products monitored by 118.2 nm (10.487 eV) PIMS are shown in Fig. 1 . The bottom trace in Fig. 1 A portion of the matrix IR absorption spectra resulting from the thermal cracking of acetaldehyde 29 is shown in Fig. 2 . The bottom trace (green) is a control scan of the Ar carrier gas after passing through the µtubular reactor heated to 1700 K. The black scan is that of CH 3 CHO/Ar exposed to the same conditions. The peak at 3619 cm -1 is assigned [30] [31] [32] (2) - (5) summarize the results of the matrix IR spectra: Fig. 3 shows the PIMS resulting from cracking CD 3 CHO at 1200º when the ALS synchrotron is used to photoionize the pyrolysis products. In Fig. 3 , ω VUV is set to 12.9 eV, which is sufficient to ionize acetylene, methane, and water. One might be concerned that some of the acetaldehyde chemistry could be resulting from wall reactions. The PIMS spectra in Fig. 1 shows that 6% is CD 2 HCHO arising from incomplete proton/deuteron exchange. This is evident in the 118.2 nm PIMS in Fig. 1 . The black trace for CD 3 CHO shows a small feature at m/z 45 which is assigned to CD 2 HCO + produced by dissociative ionization of CD 2 HCHO. Likewise, the final red trace for CD 3 CDO diplays a weak band at m/z 47 which is CHD 3 CDO + . The extent of impurity in the CD3OD sample, 2 %, was determined by integrating the corresponding peaks in the room temperature mass spectrum. Table 1 A summary of thermal cracking products from acetaldehyde as identified by PIMS and IR spectroscopy. The PIMS resulting from cracking CD 3 CHO at 1400 K when the synchrotron at the LBNL's Advanced Light Source is used to photoionize the pyrolysis products. The tunable VUV light source is set to 12.9 eV in order to ionize methane,
